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I i57) Absirsci: A structured drug systc-rs tot is useful for delivenng b drug paylosd to a specific sisssitt or ceil type is disclosed. The 
5 SN ' « based on ponifed v ^ s< _ ^ ( Thiri polymer aoiated from tsaturaj sources is v ■> i > g m and ol very 

) % soxiciiy- ■ ;k polymer ;s extsttjoesy water soluble and contains u imj.c i ■> r of free carboxy! groups which cars usetl to ;utach 

> a number oi cSiiierertt active oiotucuies. in she eKampies disc toscd \ * j >o " I esters of the i \> ! groaps are used to 
) ;s;Sil cb sect! molecules. The active snolecales include motions! antibodies to pmraote specific cellular imi&kc md specific pro - 

> drugs suet! as anshense nacleis; acids desigtsed io modify the cellular metabolism of a targe! call. The prcj-sirtigs ate advantageously 
I Hnkcd by a somewhat labile bond so that they will be released id specific conditions, t additiots, the system si" 

s *• J c 1 ' , , j 

, ^ r-ij-r'^ ,h 'c s,er Uge, s £ t ^ e^eg <iv- em ujr de i vr r^'r- v! -^ V a v> ce ^ang. of d's, i o t\ uo< i^s. , 

of neoplasms. 
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linkage is biodegradable [27, and traces ftetdn] and of a 
(when lowed) and organic solvents (k fe acid fix 
therein]). Drug carrying PMLAH ha? been mainly Resized by ring-o 
5 malic acid ketones [27, aadfefej^cestesnj.Syisfe 

chemically synthesized poJy@-D, Lukhc acid) [49]. The thesis of drag 




PMLAH has no: b 



d out The fed of highly fenchonal drug delivery » 



[0014] The carrier consists of poly (fMwBaiie acid) (PMLA) representing the molecular bad 
10 that is chemically caajngakd at its carboxylie groups at de&ed latios wife a variety of functfc 

perform fee following tasks: (I) delivery of a prodrug via a teteasabie §mMond module that becomes effective fat 
, (2) dinsctiag the earner towards a specific fissue by binding to the surfaces of ceils (eg. a 
- (mAB)), (3) internalization into the targeted cell through endosomes (usually vk 
i of a targeted surface ^ceptor), (4) escape fern endosomss into the cytoplasm by virtue of 
1 5 hydrophobic functional units that integrate into and finally disrupt endoaooal membmnes, becomng elective 

d^ra»ea^eac^fe(e.g. peptidases, piu^;etc.> 



[OOlSj In this i 



1 is a 



a (!) is presented by morphoiioo antiseuse oligmncleotides agaiust a~4 chafe md J3-I 
8 P4, 51] a^ledtoaniotoesfag spacef bymarakle linkage by means of an (aTO>) 
r 3'-tamsnL The spacer is atlachsd to fee earner by a disulfide moiety feat is 
ctabfc m fee suffisdqfclisuffide exchange reaction with gttia&kn in fee reducing milieu of Use cytoplasm [5 1, 
52], (2) Tissue targeting is designed by employing a nwBOckwal antibody (mAB) to recognize and bind rat 
25 transferrin receptor. This receptor has been found expressed on endothelium cell surfaces feat function as the blood 
brain; barrier (BBB), and at elevated levels on certain tumors [53, 54]. bvtooaaim vivo studies indicate that, 
transferrin receptor may be used as an anchorage for a d 
mAB OX-26 at- any ofeer appropriate mAB that bis 
fetongh blood famin bam^{MB]ofM ora«^orotemarrur^s depending of the allotype of the antibody [5, 

d [57, 55, and 57. It will be appreciated that in fee case of fee tjausferrfe receptor auy appropriate 

>torcaibe 
scai be used in 
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15 [0022] FIGURE 6 is a 
mPH3580G-NH2 
[0023] FIGURE 7 is s< 
ol«g^ieo£ide/L-valme/2 
|0024] FIGURE 8 is a c 



sof.FMA/mABGX-26/ 



ft of FJXC to PMLA / mAB GX-26 / 1 



20 



[0025] FIGURE 9 shows a bar gnsph offered of a hemolytic assay used in testing &e polymers. 
[0026] FIGURE Ite shows the release of mosphof no ollgos fins the era by means of re& 



[0027] FIGURE 10b stows the percentage of oiigo n 
25 [0028] FKHJREH&ot 

[0029] FK3URE 12 Is Co^stntaion rfssdososssl niarikarmf :4^^ Drug 2 (30 itim) m 
U-87MG cells. By comical microscopy, FM 4-64 is sees m 
fmn&mi-m mm phm (Hp^ri^Mkbefeco-SGCafe ^owlei, yellow color); 
30 |0030] FIGURE. 13 is a dart iiiiistmtfcg that vessel densafer is increased in tumon, coe 
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(o4 is red aad 01 is green). Nodes am 



[0033] FK51JRB 16 shows vrestem btot analysis of is 
muMomia (GBM) ce.0 outages* U87MG aorf T9$G: not 
3 f 7 shows that Drag 2 is capable of a 




or compartment, targeting entifes sjjcfa i 
be conjugated to the MLA polymer. 



can be 
iableks 



25 d)a 



>ne^}apH^idYehyd 
(tmvBtkfUBtiimoisCora 



[0037] PMLA fern the a$ 
the staststg material for the $ 
fsofcj 



30 have been described fe other spfts 
methods had to be adapted to the j 



i B, which activity is 
m esdosorae j32, 33]; ami e) other labile or eiesvabfe bonds such 

wee, Plasmodia of Pkpanm pofycephatwn [27 a 
s of the drag delivery vehicle described ft* Use present pgteat a^&siioa, The 
joyed hers are to die geoem! fondts of methods in 
% sot related to the pdymaSic acid-based system descs 

s ofpurifeatan of products. To 



wo ims/imms 
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15 [0042] Fig. la shows fee overall structure of a typical d 

Block (z + vfcte carboxyi pmps ^po^andle acid (block w) am a 
valine via amide bond Block y3 is fee prcnlrag morpholino anfonse 
umt. Block yl is the monoclonal antibody (OX26) tergefeg mo 



fx>lys&yleBe glycol (PEG) spacer. Block x is tie PEG-protsctor a< 
20 and formed ficra eonniiercyiy available FEG^mine. Block y2 r< 



teas of 
dtoL- 



to fee block z 4-w via 
ached by an amide bend 

d for the conjugation of 



which have ik* boss consumed by She syndesis at this point, and v 
lal modules via reaction with fee double bond of 

fern fluorescein sotiuocyaoate (FTfC) as^Nl-Bo^L^iamiriabsxasse. Use drag snuetiso is built by a stepwise 
25 coupling of fee blocks (ie. 5 fee modistes) onto fee growing conjugate as shown in Figure lb under a catofhl 
tol Hie order of fee steps cm be *ea% agisted to & 



[0043] For Block wl^%-p 
30 25]. The biopolymer is spontan 
too 



sd enzynsatically degraded to Leslie acid [3% 26], which k n 
5 salt fe«efecrimfc wiimvw » » 
s injection kio mice, pdymaiate- was tapidly cleared by e: 



[27 



kidneys [73]. Certain polys: 
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targeting moiety to bind to fee receptor on the target cell surface. 1 also protects agsmst degradation of the tarring 
polypeptide. <y3) The mosphofeo oligopeptides, which specifically block the expression of tumor essotBfel 
genes, such as the a1 -chain of lasmtn are used. & pmx&ph, any ether drag or prodrug can be conjugated hem, as 
well as an array of different drugs on a single earner nx>Iecute. These caigqg&fes an? cleaved from fee came* atites 
drag releasing mat w&k fee cytoplasm, and fee dregs) become efficta, Block y i helps teach the BBB which 
is targeted by a ontwckna! aafibody against the taferin receptor ob &e endothelial cells of fee BBB [55]. 

le or conjugated together with other molecules, might also be a taking moWeto be used for 
s by value of specie receptors [77, 18, and 78}. A further possibility for the brain tear specific 

EGFR are overexpressed on toor cells ma can also be used as brass tumor targeting sites in cxxi&intfxn wife 
arasceat label, here ftesceia, which is conjugated to the drug 
mtocndosa 



10044] Poly {^Unaiic acid) (PMLA) was purified tan the broth of 




^racidCPMLA^bypassagec 
esk teNMR in DjO gave fee following S 
, 5.3 pp» (triplet, the j 

decoupled !3 C-M gave the following Staines: 17L4 ppm (-COOHX 74.5 ppoi (-CHOH-), 38.9 ppm {-CH2~) S 
and 174.5 ppm (-CO-). Purified PMLA-H. shows W4ight absorbaoce only below 220 nm wavelength, and Is 
devoid of absorbance at 260 and 280 typical for allele adds and proteins, n^pectively (further details are 
twfewed in [27]}. Morpholino'^ 3 '-NH 2 antisense ohgonucteides ffj to fee a- 4 chain of feminia-8 (AGO- 
TCA-AAG-CCA-TTT-CTC-CGC4X3A-C) wd to fee pM chain of landnhi-8 (CTA43CA-ACT-03A-GAA- 
(XC-CCA-TGC-C) |50 s 34] were purchased to Gese Tools (USA). Mouse monoclonal antibody against rat 
r CD7J (clone OX-26, isotope IgG^ at a concentration of 1 mg/nil PBS containing 10 mM 
dtoQsimte 10} wmpschasedfiom Sigma 
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oteed from Neklar Ifcarapeti&s (USa/ Regents and so 
(Germany), (USA) were of the highest available 




5 [0(H5] li-NMR spestns were recorded or a Broker Model DMX-500 Fourier t 
a (5) Native to IMS as internal standard. !3 C & 
i at 125.8 MHz. Cko»graphk sepaas was performed with a Merek-IHStachi 
analytical LaCbrom D-7000 HFLC^sysiem equipped wish UV and fluorescence detectors. Either Macherey & 
Nagel CsrNucleosil jsvssse^pNse (RP) columns {250 x 4 mm) with a binary gradient of 0.1% TFA 
1 0 (tsiftoaeetic acid) in wrier - 00754 TFA is aceteniinie at a Bow rate of 1 .5 ml/min or size exclusion oakums 
Bto-SilSSBC 250-5 (Spa, 300 x ?,8 nan) with 50 nsM sodium ptagtate buffer pH 7,4 at a flow rate of 0.75 
mVmk wse used. Mobcularmass of the MyhierKaorMt was determined by SEC-BPLC with poiystyiene 

15 water, and acetic acid (4:2:1 on a volume ra Jbasls). 



Synthesis of PMLA-NHS es& 
[0046] U6gofFMLA-H(10 
dimdh>€ormamide (DMF). 
20 dMyfformamideCDMFXvvas 



I (15 rrnmll dissolved b 10 n* of anhydrous 
don. Use temperature was lowered to CPC in as ice 




e (DCC) (15 nmoO dissolved in 10 ml of DMF was added Hie reaction 
1 no gas bubbles developed: A&erSO min at 0°C, 
jerature fir 48 h. The reaction mixture was held as described above 
d by iucubaficn every 2 h during the fest day of reaction, fa every 6 h during the 
25 second day of rescttaa. After few days of reaction, dicycfohexyfesea wb removed by Station, and die reaction 
volume was reduced by evaporation under reduced pressure. Fresh anhydrous DMF (10 ml) was added and 
residual dxyckftexyiora was again removed by Station. The dear reaction mixture was stirred for 12 b at room 
imperative sad last amounts of dieycbhexylurea (If my) were removed by fMoa The volume was reduced to 
1-3 ml by evaporation usder reduced pressure, and the product was precipitated by fee addition of ethyl acetate. 
30 The pate yellow product (PI) was collected by filtration. Biethylemer was added to fee filtrate to match Hie final 
proportion of !; 1 (ethyl acetate : diethyie&er), and more of a light brows product was collected by Station (F2). 
Thesn4exane was added to me Strafe to match fee final proportion of 1:1:1 (ethyl acetate: diefeylefeenu-hexane) 

used for their pjecipifehois and left oversight hi fee coM £-20«Q. The products weie filtered and washed repeatedly 
35 wiih Ihe same arid snivel. Th».wr»tfaf*-iwaw W wkksh^ <tw*** S«*I**W T .14 70 .»!,« rWB 
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[0047] The prniy I composition of these ptepsaafcfis of PMLA-NHS ester was analyzed by 5 H NMR and UV- 
5 VIS speetoscopy. Use content of NHS groups was determined after aminolysis of NHS ester groups with n- 
bi^kmune. JO mg of PMLA-NHS ester were dissolved in 0.5 ml of DMF. A pardon of 0.5 ml of 10% n- 
buiylarmoe was added to this solaim, and the Nxn mixture was incubated at room temperature for 30 ink 
After centnfo^tion, samples of 20 pL were mixed wife 80 pL of water and analysed by RF-HPLC employing 
water / 0. 1 % (v/v) TFA as duo*. NIB groups were monitored by their afasotbance at 260 nm. Their content was 
1 0 calculated by comparing the absorbmce with that of stendards of known amounts of N^drxs^succiBimide, Hie 
molar ratio of ssBc acid reside and NHS-groups fc^H^-NHS ester sample was calculated.!* combining 
these res* wife the arno^^^ 

for PI, P2, and P3 S restively. ! H NMR in (CD^SO gave fee feSowjhg S-vate: 2.8 ppm (singuld, 4H S N-CQ- 
CH2-X 335 ppm (doublet, fee methyl po&sis of the polyester backbone), 5.85 j 
IS prion* of^pc^^bssMmsyi^ef^mi$^mtin¥^2, 

[0048] MorptoMC^b antto oligomer (! pm® was dissolved in a mixture of 900 uLofDMFand 100 
yh of deaomzBd water. To this trdxiure, 20 pi, of a 100 sM solution of N^iriiraidyi 3<2- 
p^yldirio^oBate (SPDP) M DMF was added and let for 2 fa at toon temped The solvent was 

buffer A (0. 1 M sodinm phosphate, 0. 15 M NaCL pH 72) containing 10 isM EDTA as 

oligonucleotide was adjured to I mM and steed at 

[0049] The purity of the pmduct was corfeied by TLC and UV-spectoscqsy by showing Use absence ofNHS 
and SPDP. The content of PDP groups was determined by measuring the concentration of 24hbpyndone aikr 

too was subjected to BP- 
stetiqg in 30 am wife a gradient of 0 - 60% 
UV absorption at 341 am. Hie concentration 
of reduced 2-aldrithio! (DPBS) as 
aide was routinely higher than S0% of the star&g 
feJjowakFig,3. 



(DTT) in 0.1 M Tris buffer pH 9.0 for 30 min at n 
HFLC by first washing for 10 ran with distilled w 
aceten&ie. The reaction product 24hiopyrsdone to 
of 2ftfc|9ridaBe was ttmaf by using fee absor 
standards. The yield of PDP-snorpboIko an&ense 



wo imsms^m 



42- 




with i NV1C). The pret^ was 
followed by ceotri&gadou, w£i no tees of N r 
by TLC and ninbydrfn test The final 



sof0.6mmo!cf' 
ml). Cold water (5 m!) was added to the re 
Boo-i 

product was (Med aver PA. This qatfaesfe Is fflasbated la Fig. 4. 

[OOSij To remove the Boc pnteSmg groiip, fee dried pnxluci was dissolved in 3 mi of dttikrorarihaiw (DCM) S 
and fee temperature was lowered wsln an Ice bask Two ail TFA were added tefee solution which was fen stirred 

4 id of acetic acid m 100 ml m&te and passed through a 2 cm x 12raS$,cx!hmMeq^^ 




[0052J 0.5 g of NMEG3400~NB 2 (0.147 mmo!) dissolved m 3 mL of anhydrous DMF was added dropwise 
to O-mdelmidoproplosBo add MIS ester) {106 mg, 0.4 msaol) dissolved M 5 ml of arfeydrous DMF with 
vigsfcous ste% at room temperature. The completeness offce reaction was codHmed by TLC and a negative 
mkym test Alter kcobstion fer-2h at room tepersture, the softer* was removed by rosary ev^csarjoa at 
room temperature tinder reduced pressure, The product was dissolved in 2 ml of buffer A (0.1 M sodium 
phosphate, 0. 1 5 M NaCl pH 7.2) containing 10 rsM EDTA Insoluble impurities were, removed by eeutHfegation. 

pure by TLC and rshihyddn test Hae aqueous solution of fee prodsset was stored at -20°C. 
[O053J 3 H-millsi^ofthepr^ 7.05 singlet 4H~ 

HOCH-, 3.74 triplet 2HN-CH2, 3.5 singlet hydrogen fiom FEQ 3.03 triplet 2H CH 2 -COMH. The values were 
cons to with the product being fee expected N^iH^fein^opj^I) poiy{e%Ieae ^eol) diamide. 

fee sdfeydryf of given assousfe of 2H»eioaplDe%tesi I ae (2-MEA) and fee tlSafen of unreaeted suifhydry! wife 
5, 5'^iiobis-2-nitrobenzc5sfe (DTNB, EDnKsfs reagent) as follows, An appropriate amount of 2-MEA in water 
was added to fee acpeous sofis&n of N^bis^-mtoidop^ylJpoM^ylene glycol) i 
incifeated for 30 min at room toperafere, DTNB (25 ^iL solution of 10 rngtaiL in e 
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saace at 412 mn read afer 10 iab iusufoa& 
? amounts of 2-MEA, and the amount of a 
s in the sample of H N^is<3-maieimk 



j glycol) diamide v« sate 



s of NJN'-bis<3-s 



cf 2-MEA. From this value, fee yield of the 




kDa) at 4°C ami 5000 x g. Use mAB ste 
1 5 NaCL pH 72) containing 10 ttM EDTA. The a 

UPC 10 was dissolved in hdler A to give the same a 
hydmchkm<h (2-MEA) (6 m#al) ws^tolea 

mtarxKodfiige membrane to ^geMOtod ceMm cut off 30 kDa) J 4°C and 5000 x g. The s&p was 
20 perforated until the di&fitee was completely See of 2-MEA as msmmsd specte^ome&ica% at 412 nm after 
incnbatson with 5, S'^mdii^l-muc^^ok acid) pi, EBman's reagent). The number of dad groups in fee 

at 25°C) afer 10 mm incubation of 0.5 ml antibody solution with 25 pi of DTNB solution (10 mg/mi methanol) at 
pH 8.0. The antibody protein concentration was measured according to method of [65]. The results Indicated that 
25 the disui&bHRi&ced antibodies confined 3.1-3.5 thiol groups per molecule of IgG-moiecuk SEC-HPLC 



analysis showed only one peak of MW 1 50 kDa indicating thai the jednced antibody had maintained Its molecular 
isstegrity. The pseparations were ra&er stable in the presence of BDTA even in the absence of reducing agent, and 
no signi&aM losses in See thiol g 

S5!Bg8^s.<tf mAB QX-26 / ^^-bis^3-maleMdopiopioByl>PEG diamide o 
30 [0055] h-tms&stdy afor pngjartian, the aahtfkn of isduced antibody was add 

aqueous solution 0iW^s<3-snaieiinido^-^!ioayf>PEG diamide (hi 50-fold molar excess of maleimlde groups 
over the thiol groups of the antibody) at mm temperate. Use reaction mkkse was feeubated for 2 b at room 
tempos^ and the unreac&d iW-bH34miskddopropbnyl>-?EG distmide was removed by dialysis m buffer 



I 1 
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i of antibody-A^b^S- 



measuring absobance at 220 nm wavetengh, fee only material etoied was in fee position of 720-7.26 nun which 
5 reputed the conjugate, while sons etoted k fee position of 13.4-1 3 J mai for the unreached N,N'1»*0- 
yf>PBG dianide. The content of mafeanxfe groups to fee antibody conjugate was determined 
2-MEA and Efatos reagent as described above for the synthesis of N t N'A)h-Q- 
rfeimidofK^ioiiyiVPBG diarakSe. Ifee antibody protein ooac«tot»» was detennraed aeeodfeg to method of 

hiH3-^saidcp«pimyI).PBG diamide. Moreover, because SEC-HPLC analysis showed only one peak of 



MW 150 !d\% products of* 



[0057] For She synthesis of PM EA / 
1 5 tegard to sialyl unite) of PMLA-NHS ester 



/ 2-n 



feike / mPEG-N*fc conjugal 1 mmol (wife 



k».E3: 85% NHS ester) was dissolved to 10 ml of aifeydtw 
DMF. Ffess, mPEGSGOO-Nffi (50 p.molk2mL DMF, conespoRdtog to 5 mol-% of the NHS activated mafyi 
utofe) and 208 umoi of N-e&yknorphoStoe weis added In this sequence and fee mixture sttoed at room 
Impsatofe for 30 into until the reaction was completed acconimg to TLC with the nkhydrk test (negative versus 
poskve ntohydrk reaction at origk). Next, 200 pniol of a 50 i»M sohkon of 2-MEA to DMF (eonespoadiBg to 
20 20 mo\-% of NKS*ctivated maryi groups) and 200 pmol of N-ethyfeaorpholtoe were added to the reaction 
mixture with storing for 30 mto at room temperas Agato, fee reaction was complete according to TLC (Rf « 
027 for 2-MEA and Rf« 0 for toe polymer conjugate) wife toe ntohydrto reaction. The synthesis is shown m Pig. 



[0058] According So She s 



setry of fee added reagents, 4SY» and 19.3% of fee PMLA-NHS ester 
25 equivalents had beeaiepfeoed by PEG and 2-MEA, rcspetixvdy. The remaining unieaded NHS esters equivalents 
were allowed to conjugate to L-valtoe (1 nimol to 5 mi watery ssMsd dropwise to the presence of 0.1 g ofNaHCO^ 
(1 2 tostol). Hie teacrion mktnre was stored for 1 h at roots temperature and neutralized under coohng with 0. 1 M 
HCL The solvent was evaporated at 30 °C under seduced pressure. Hie dried product was dissolved to 10 ml of 
buffer A (0.1 M sodium phosphate, 0.15 M NaCl> pH 72) containing 10 tsM EDTA and 1 ml of 0,5 M D1T. 
30 Aflor 10 mto at room temperature, the mixture was centri&ged at 20 000 x g for 5 urn and fee clear supensatent 
passed over a Sephadex G25 eotomn £2,5 cm x 60 cm) pje-equi!ibrtoed with hugfer A, and 




[0060] The reason for Station In case cf PITC^njngate Is to separate 1KB to FUC^oojtsgate became the 
o of XNB impossible. During the filtration 1MB passes the membrane, 
s of the filtrate is measured (The filtration is bo* for removal of 



[0061] Hie suMiydryi cote was calculated wM regard to 2-MEA standards. The content of L-vsIyl moieties 
■wwfcW^^?B^ fee fee amino groups ate total hydrolysis using the trkiitobei^sulfotnc acid 
(INBS) assay and RP-FIPLC as Mows: 1 rrsg of fee confugate and 30-50 pL of 6 N HQ were placed in a 100 pf, 

15 capillary tube. The sealed capillary was incubated In an oven at 100*C for 12 to 16 hrs. After hydrolysis the 
contents were transferred into an Eppendorf tube (rbsing the capillary febe wife water to be quantitative) and 
evaporated to complete dryness by gentle waning. This material was ^dissolved in water and oentrifeged. A 10- 
30 pi aliquot of the supernatant was added to 300 j*I ofsodmm bicarbonate buffer (0.4 gNaHOQj in 10 ml water, 
pH 8.5). Afier addition of 1 50 fiL of 0.1% (w/v) TNSS aqaeow sofctko, fee mhdarc was incubated for 30 min at 

20 37°C Ater centri&gs&a, 20 pL of fee reaction mixtoe were separated by KP-HPLC using a linear gradient of 
30 ml® (0 40 mat, 100% water, 10 . 40 nan to 0- 66% acetoB&ife). The content of valyl moledes was 
calculated on fee basis of the 340 ma absorbanee in fee duett wife regard to known amounts of ^valine as 
staodards, lie molar ratio ofsnPEG : valine : 2-MEA of fee conjugate was determined by S H NMR. 



Freshly prepared mAB OX-26-Pm-nmleirnide was added dtopwsse to PMLA / L-vahne / 2- 
Ktfaylamine / rnPEG-NH 2 conjugate at 4=C with stirring, A £00 molar excess of tree thiol groups 

30 HPLC. Use PMLA / mAB' OX-26 / L-va&se / 2-mareaptoefeyiarrnne / mPEG-NI^, conjugate was purified by 
Mtmiion fa tem A using nricrexrofuge membrane fifes (regenerated ceBafcse, MW cut off of 100 kDa) at 
4°C and 5000 x g. The raAb-conteirsag PMLA conjugate was retained by fee filter and only protein-fiee PMLA / 



PCT/US2804 



[0063] Thep 



SEO-HPLC 

at of the PMLA / mAB OX-26 / L-valke / 2*iocaptoefcy3smine / srsPEG-NH; 
by fee method of [66], The same amount of mKionjiigated mAb stxmed an 
was conected by factor of 0,9. (This 



for feis discrepancy is 



s for a4 and pie 



d (conjugated) aatftody amounted to only 90% of the educt ashhcdy.}7l!e : 
■ not knam The coooenbaikM of the Essoining fee thiol gsoyps of fee 
temked as described above. 1 was found that approximately 70% of She initial thiol groups 

[0064] Io*enext S ^ ) 5^molofPDP--mo 3 phoiiocv^ 
(5 M offee 1 mM solution of PDP-morpk>!lno aatis* 

fee ported solute of the PMLA / mAB OX-26 / L-valine i 2ramsB&o&*flmmR / 
equaling a coocsentratictt of 15 i^mol of fee tfaioi groups (5 ml of 3 mM solution of the 
I 5 conjugate), Be »*e ratio of antisense aA chain to Hie an&sense $1 chain was 1:1. fee reaction mixtee was 
hauk&ied ovemi^it at 4 °C. The completeness of fee reaction was confirmed by SEC-HPLC ft 
peak in fee etait wife 260 nm ahsorbance and fee absence of absofhanee in fee pos&ora office PDPh 

l The obtained PMLA / mAB OX-26 / m&tfo* antisense oHgonueieotide / L-va!fes / 
^/mPEG-NH 2 conjugate was purified by diaffit^on using nncnxentrMbge memfcnsneffe 
20 (^generated cellulose, cat offi 100 kDa) at 4°C and 5000 x g centrifeption, The content of fee fee suifeydryS 



oligonucleotides was measured by absoffance at 260 nm ate redaction of the dfenKkb groups wife 50 mM DTT 
for 2 h at 37°C and separation by SEC-HPLC, Specifically, fee 260 am light absorbing peaks were compared wife 



25 [0065] Ifce protein o 



of fee PMLA/ mAB OX-26 7 m< 
1:201© 1M 



feod of [65], The moiar ratio of antibody : 
a y 1-vahie of 0.1 9%4),25% (see Fig. 7 tor 



n of FITC to PMLA / mAB QX-26/n 



[0066] For detect a 



(PIFC> This label was, h 



% PMLA / mA3 OX-26 / mo^olino amiss 
ser corgugalioB of mPBG-NH 2 to PMLA-NHS 
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vs. The sobs 
3 (1:1) to a £ 



eofDMFa 



axraotattian of 25 mM To the solute* ofmPBG-NH 2 /PMLA jugate (I n 
s of PMIA-MHS ester, preparata P3: 85% MIS ester) 25 jimol of > 

e <n - 2.5% k Pig. 7} and 100 pmo! of N-dfaytep!»lfee were added, and the 
e for 30 mim The imSk®. was fallowed by TIC, Afer completion of 
e was detected only at ite origin. The ccostnidion of FUC to PMLA /mAB OX-26 / 
igonooieofeie / L-vaSne / 2-meie^«Defliyte5ke / mPEGMfe ooajfajpte flssss followed the 
shove in fee absence of the dye. Hie contest of FXPC in & conjugates was measured by 
absoeptkn of fee PHC-moiety at 490 wl FFICcanyBS conjugates we also detected by a Men±-Htach 
10 fiuoresoea».detector with the excitation wavelengSh set to 44? «m sad foe emission wavelength set to 514 nm. 

samples generated by quantitative coqjjugafen of varying amount of FfTC to c 
Ite conjugate wee used (My for cell cvfflue expersnents. This synthesis is shown in Fig. 8. 

blood at 2000 g for 5 mm. tbe RBCs wL wasted tfawtiow w&cofc 100 mM sodium phosphate buSsr of te 
desired pH ( pH 5.85 or pH 5.5). The Sua! peSelwss nsuspeoded m $» same buffer to give a soiutkm wMi 10 s 
RBCs par 1 ml. The powers were dissolved in 100 mM dibasic sodium phosphate buffer at &e desired pH at a 
coBcetslrados of lOmg/mL The polymer conraaafkxt w 2,5 nmol/10 8 RBCs, Hemolysis in disced water was 
20 used to produce 100% lysis. RBCs in buffer wish no polymer was used as reference eoMrok Ttetemotysts assay 
was perform by adding Use polymer solution to the suspended RBCs in I ml of the appmpmste buSbr, The 
RBCs woe mixed by investing the tube several ^^dsjcubsted for 1 fa in a3TC water bath. Ate incubation, 
the RBCs were centrSuged for 10 mis at 13,500 x g to sedanettf Intact sells and the fysls was determined by 

25 RBCs, The relive Increase lOOCA-AJA^ in tebance at 541 ira wavelength of the ceO-fesupemaMtwas 
measumd as an indicator of membrane rupture. The results show ifaat PM^A-PEG-Valfee, PMLA-PBG-Vafiae- 
AS, andP&CA-PBG-Va!lne-AS-xnAB kifermemhrar^destaMi^^ strifes 
RBC membranes. Comparison shws that denization is due to foe psssenes of PMLA.-conjngaled valine. At 
£ (simulating mausration of eadososnes to become iysosomes), the carboxyi grasps of vs 
30 pwtm^mdd^k^mm 



35 




are typical for this so called disulfide exchange reaction. The r 
eSScia*dy cleaved ta die drug earner m tl 
[0069] To mimic cytoplasmic release of antisense moiphdino oligonucleotides fom Hie drug vehicle as shewn 
in fee figures, 5 mM GSH (y-L-gltoTy'r-I^cystetf5y{g!ycin& l MW 30733) was added to the a 
at room topesa&ae. The meetae contained 0,25 «M of the drug vehicle in water. At v. 
was stored by the addition af an excess of KMhylffialeiuilde (20 mM feral conceiftttro) over iota! aiifeydryl 
moieties. The reduced antismse was defected as N-ethyteaieimidy! antisense. 'Hie t 
separated by HPLC and released antisense mopto&nas were dsleded by their ai 

m shorn in Fig. iOb. A Complete (100%) release is referenced to Use reduction m the presence of 50 mM 
SIT at 37°C for I k HPLC analysis was performed with a Merdc-Hitach analytical HPLC unit using a gel 
filtration column. Separation was earned out oa a (300 x 7.7 mm) Macherey & Nagel 125-5 colssm 
«slsg sodium phosphato buffir (50 mM, pH 7.4) with a Sow rate of 0.75 mi/min. 




pendant camoxyl grorsps of jx^ynailc add (PMLA), Hie polyrBer is a n 
{273. modules aw(l)n 

whicls bonds are cleaved in the cytoplasm to release the See drag, (2) antibodies against transferrin receptor for 
cancer cell targeting and receptor-mediated endocytosis, (3) shot chain PEG^orpigsted L-ieucme ®d directly 
coupled L-valine, both linlasd through amide bonds, to provide pBdependent lipophilleity to disrapt endosccaat 
mmimm, (4) bag chain PEG ibr inoreasing ttmz m circubtkn, and (5) fluorescent reporter molecules 
(fluorescein, Cy5 or si 
[0072] 

* Bnsg it smsmss oligo to Imimm a4 + antisense o%3 to lamiain pi <<x4:pl»l:l); 

• ©rag 2: antisense oligo to larsinia o4 + antisense oligo to laminio pi 
transfer receptor <-26toiatCD7 

s [35, 36,37,^38]; 



-19- 



® Brag 3; aiaisense oligo to k 

(a4:p!£GFR-I:l:l); 
* Brag 4: antiseose o%o to k 

(a4:pl£GFR=l:i:I} + 

5 * ©rags 1 A, 2A, 3A smd 4A were identical to the drugs of the corresponding sibber (Le., Drug 1 was 

identical to Drug I A) except feat the corresponding sense oligos were used in place of the aotisense 




[0074] NJHNude outbed rats CTacsNiNIH-Whn, Tacomc) were used for these tests. For as 



1 5 used Morpholino oligos (Gene Tools, LLC) as the most specific, stable asd effective both in vtao and to. 
Mos|&>|feos have ben used in 4be past saecess&% vi&h? sidles, but m vivo, their delivery has been less 
sU!XS!P^.^'t).,^L4^ acid (PMLA) was used as a delivery carrier lor getting fee Morphoikos too the 
ceJk The psmxph of fee method for purScatioQ of PMLA has been described [25], A modem scatetkjp PMLA 
fraction method £273 was used The chemistry of PMLA rhnciiosal gioups has been investigated [28, 29], 

20 shewing that the ctaicai denvafeation and purification of the products in both organic and aqueous solvents Is 
readily achievable. For out experiments, PMLA was chemically conjugated to a roonocional antibody against 



X 2 : - * 



[0077] Groups of 12 rets each were injected wife oSgos to fanumfrS <x4 4- pi chains at doses of 0.5 mgfcg or 2.5 
mg% Control groups of 1 1 rats each ^ere i#M ^mm&&ifit#&m * pi ehafo at 0.5 rog&gor at 2.5 
rngflkg. All smgfcai and txs>*ufgieaS procedures were fxataed accodsjg IACUC protocol 001U8, dated 



given rafbskn of 900 pi of antismse and sense c%os solution (0.06 mi per auntie for 15 minutes with a peristaltic 
pump) late fee right carotid artery via the subcutaneous port chamber followed by heparin rlusk Rats were 
eisharifeed in30raimfcs^iheendcf mfiism 

40 without any kind affceateratto obtain riom^Ieojtol fesu% and(b) 4 rate wish tumors that * 
10 hmxmhlhf wife PBS on days 1, 3, 7, 10 and 14, ami eu&amzed ibr issue harvest as sooa < 



[0078] JmM&matMmBBi. Drug 2 doses of 0,5 asd 2.5 mg/kg were equal for the train**® m die 
survival study. ASer intracraoial administration of four doses of Drug % the animal survival time was increased by 
1 5 30°A pO.008 (Fig. I JX compared to rats treated wife PBS (mock) or sense oligos (Drag 2A> Two tratmests, 
however, only placed a Marginal elect Bnag i v 
Therefore, the mechanism of drag eel! delivery- Is p 
addstm of anusense to EGFR to Drag 2 (Drug 4) resulted m loss of « 
survival k hypoxic conditions wifli EGFR inhabited. p9], 

with fiuoresceln-kabeled Drug 2 and lixxJanaM^fett endosoma! matte PM 4-64(1 
memb^a^k30mir^ 

[0080] If cells %ere pretrested with teferrin receptor aatlbody and to treated wife Drug 2 in ten minutes, the 
25 drag was not seen in the cytoplasm (data not shown). These results suggest that transferrk receptor antibody is 
required as part of the active drug because it allows drug psnetratiou into cells by n 



[mm We found that Drug 2d 



afvessdswasoo^mbo&c 
section (15 fields per toor) under x200 1 



r, fherr 



, ki five 



$ mi & tm& drag mm *ms> .kMla, * 



ina 
of 



5 [0087] l^foSowirsgcfesamfetobeuadersloodloij 
above, what is conceptually equivalent, whstcas be otea# s 
fee essential idea of fee kveotioa "Iliose skOksd k &e ast will appreciate H 

of fee ju&iiescrfted preferred embodiment can be congguied without departing ficm &e scop© of fte k 
The illustrated embodiment has been set forth only Ihr the purposes of example m& that should sot be takers as 
10 IWti^lheima^ 
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(57) Abstract: A structured drug s,ys«ro tha< is 
! <•= ■ -■■ • » do<> jxiybad to 3 specific 

tissue or cell type is disclosed. The system is based 
on purified polymafic acid. This polymer isolated 
fsom ftasiirat source is bkx-ompatibic, bkxfejeradafele 
iifse of very low :<>uciiy. The polvrocr is c-xJreraeJv 
wator sojabk and contains a yrge namber of Eee 
v<sr>i s> n ; , i t a j) a nisosher 

>.xysucd 

groups are used to attach 
rfipfasul^s sficStide roonoc 
specific teliiiiar tipfcake ; 



; oiceu;e ; , 

ilJihodiC: 



} specific pro -drags sucb 
(fcsigoed to modify the 
■fit astt. Tivt prcj-drags arc 
somewhat labile bond so 



mule linked v 



conditions t I c»l groups re 

So extend the drug syssem's circulation bali 
addition, fieoreseern reported groups ear: f 
ifwluded to aid in visualizing and confinr 
sysserr: targeting. The drug system cat 
ireatojcn-s for a wide range of disease* and is 
advan^eotts for Ireatmeat «f neoi>,es>' 
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